The effect of practical work on learners' performance in Science was investigated using a quasi-experimental design with preand post-tests. 60 learners (N=30) 
Introduction
Practical work is necessary for school science education. In Science, learners do practical work to expand their knowledge in an attempt to understand the world around them (Kolucki & Lemish, 2011) . It develops learners' understanding of ideas, theories and models . Thus, teaching science involves learners experiencing the basic and integrated processes of science (NARST, 1990; Millar et al. 1999) . Research has established that achievement and skills improved when students are taught science using practical work (Kerr, 1963; Turpin & Cage, 2004; Aladejana & Aderibigbe, 2007; Watts, 2013) . However, as observed, practical work is not done in some schools in the country due to inadequate resources, lack of practical science skills and large classes in science (pers. Obs) and (Onwu & Stoffel, 2005; Ramnarain, 2014) .
To ensure equal treatment in different schools, curricula prescribe the levels and the amount of practical work as well as subsequent assessments. The Curriculum Assessment Policy Statement (CAPS) guides teachers on what content to teach, describes the number of practical sessions and the complexity of practical work for Grades 10-12 in South African schools (CAPS, 2012) . Surprisingly, teachers' attitudes towards practical work is poor, consequently they do it to satisfy the minimum requirements of the syllabus (Kibirige & Teffo, 2014) . In addition, a study was conducted with a random sample of 266 Grade 10 students from across South African schools to test the general quality of practical skills, and the results show that learners' argumentations were of low quality (Lubben, Sadeck, Scholtz & Braund, 2010) .
While practical work is assumed to be necessary for all learners, some studies show that boys and girls differ in the reception of the practical approach (Gardner, 1975; Anderson, Sjoberg & Mikalsen, 2006; Trumper, 2006) . Learners benefit through engagement with concepts in practical work through "interactions, hands-on activities, and application in science" (Hampden- Thompson & Bennett 2013 : 1340 . Without withstanding such benefits, Gardner (1975) shows that sex may determine pupils' attitudes towards science. This is further confirmed by research in Ghana (Anderson, Sjoberg & Mikalsen, 2006) , England (Jenkins, 2006) , Israel (Trumper, 2006) and Finland (Lavonen, Byman, Uitto, Juuti, Meisalo, 2008) where boys and girls of the same age tend to have different attitudes to similar teaching styles. On the other hand, a study by Kibirige and Tsamago (2013) shows that the attitudes of boys and girls towards science are not different when using similar methods. Thus, due to differing views, this study will also analyse if there is gender differences in performance when learners are taught using practical work.
Several studies point to learners' persistent lack of experimentation skills, inadequate resources and prevalence of large classes and it can be inferred that there is no effective change in such classrooms (Onwu & Stoffels (2005); Luben et.al (2010); Ramanrain (2014) . Consequently, learners' performance is poor in science subjects (Mji & Magkato, 2006) . This type of performance ultimately results in negative attitude towards practical work and science. In order to improve learners' attitudes (Kibirige & Tsamago, 2013) and understanding of science, practical work could be used (Kibirige, Osodo & Tlala et al., 2014) . Thus, practical work should be an integral part of teaching and as such this study aimed at establishing the effect of practical work on the learners' performance. In order to achieve this aim the following questions guided the study: 1) Do learners doing practical work perform better than those learning science without practical work; and 2) Do boys and girls doing practical work differ significantly in their average scores when they learn using practical work?
Literature
Practical work is defined as "…learning experiences in which students interact with materials or with secondary sources of data to observe and understand the natural world." (Lunetta, Hoffstein & Clough, 2007 p.393) . Practical work in literature has been referred to in different ways: 'experimental work; scientific investigations (Ramnarain, (2011) ; 'practical and investigative activities' (SCORE 2008) , and 'laboratory investigations' (Kibirige & Tsomago, 2013) . The broad perspective of 'learning experiences' will be understood to include the wide range of practical skills, thought and processes that constitute doing science as 'what scientists do' (Benner, 2011) .
Some authors in science education contend that practical work in science has many purposes (Woodley, 2009; Hodson, 1990; Vilaythong, 2011) . For instance Watts (2013, p.4) Another purpose for practical work is the understanding of errors and how to design practical procedures in order to improve precision and accuracy. Students acquire skills for safety; risk and precaution against hazards in the laboratory (SCORE, 2008) . Practical work also provides learners with evidence to support their understanding and to concretise scientific principles (Jormanainen, 2006) . Thus, learners are exposed to basic processes of science through practical work.
Practical work has traditionally been a 'recipe-like' activity that had minimal cognitive engagement and did not inspire originality in students (Bigelow, 2012 Driver (1983) suggested that instead of learners dealing with already known answers, such as determining known constants, they need to investigate novel problems. In this way practical work supports development of scientific skills, thinking skills and how scientists work. However, other researchers found that the inquiry approach in practical work requires much time and a session of one hour is never enough (Abraham & Millar, 2008) . Practical work caters for learning in different ways such as experiential, independent, team and peer dialogue (Zimbardi, Bugarcic, Colthorpe, Good & Lluka, 2013) . Different learning styles have the pedagogic benefit of enabling correct concept development. They underscore the empirical nature of science, measurement, repeatability of experiment and learners may enquire as real scientists do. While these pedagogic benefits have yielded encouraging results in science classrooms elsewhere, this has not been the case in South Africa (Buthelezi, 2012 , Mji & Makgato 2006 . Onwu & Stoffels (2005: 79) using mixed methods research with 53 practicing teachers in Venda, Limpopo established that most teachers had 'little experience, meagre training, and operated in large and poorly resourced science classrooms". Consequently teachers resort to chalk-and-talk, lecturing and demonstrations when teaching Physical Sciences.
Many weaknesses are inherent in the South African science teacher education enterprise. Bradley and Smith (1994) reported that teachers themselves emerged from an education system that did not groom them to do experiments or practical work. The lecturers in pre-service training lacked the knowledge and experiences in conducting practical work. Schools were also found to lack equipment and laboratories (Onwu & Stoffels, 2005) as well as laboratory technicians to support teachers. Muwanga-Zake (2008) further established that even headmasters kept science equipment for display in their offices and were never used in the science classrooms! This further confirms that principals lack understanding of the purpose of practical work and its role in the CAPS science curriculum. One of the major requirements of CAPS is that teachers should do at least one practical in physics per term, for the purpose of formal assessment (CAPS, 2012) . The combined effect of the poor resources in schools and the CAPS requirement results in an observable lack of practical work in science classes.
Literature is awash with the observation that practical work produces good performance in science (Kerr, 1963; Muwanga-Zake, 2008; Watts, 2009 ). Despite such observations, Kahle (1999, p2) noted that "Schools are only as good as their teachers, regardless of how high their standards, how up-to-date their technology, or how innovative their programs". Similarly, low level content, lack of practical skills and negative attitudes towards innovative science teaching are the problems besetting teachers and consequently teachers do not use practical work in their science classes (Onwu & Stoffels, 2005; Lubben et. al., 2010; Kibirige & Tsomago, 2013) .
Problem Statement
Despite the effectiveness of practical work, teachers in some South African schools are not confident to teach science using practical work (Kibirige & Tsamago, 2013) . Consequently, such teachers rely on traditional ways of teaching: lecturing, chalk-and-talk and dictation. These traditional strategies seem to be favoured because either there are no laboratories for learners to perform practical work (Kibirige & Tsamago, 2013) or it is because teachers lack skills, even if schools have laboratories (Muwanga-Zake, 2008) . Worse still, teachers who use practical work normally depend on textbooks and teach experiments like cookbook recipes. Such teaching strategies often fail to inculcate conceptual understanding in learners. Therefore, this study aimed at establishing how practical work in science can enhance learners' conceptual understanding in order to improve performance.
Methodology

Research design
A quasi-experimental design was used to measure the effect of practical work on high school learners' understanding of science (Campbell & Stanley, 1963) . Two groups were designated experimental group (EG) and control group (CG) and both groups were pre-tested to determine the level of science content understanding. EG was taught the topic of Heat and Temperature for three weeks, using practical work while the CG was taught the same topic using the traditional methods with no practical work.
Sample of Research
The study sample 60 learners of Physical Science learners from two Grade 10 classes in Mankweng Township was purposively selected because that school was due to teach Heat as a content topic during the period of the study. Two whole classes were used. Class A was the CG (N = 30: 17 girls and 13 boys) and was taught using traditional methods (lecturing and no practical work). Class B (N = 30: 16 girls and 14 boys) was the EG and taught the topic 'Heat and Temperature' for three weeks using practical work.
Instruments
Teacher-designed activities were used as pre-and post-tests for both EG and CG. The designed pre-and post-tests were presented to lecturers from the local university for content validation. Neighbouring high school science teachers were also consulted to check the suitability of the two sets of tools. For reliability, the pre-and post-tests were piloted on 10 Grade 10 learners. Cronbach alpha obtained was 0.960 suggesting that these tools were suitable to be used in the study.
Data collection
Data was collected over a three week period, through pre and post-tests. Both the EG and the CG were pre-tested to determine levels of science understanding. This was done to ensure homogeneity of the two groups. During 3 weeks both groups were taught these topics: Activities 1-2 were on States of Matter, Activity 3 was on Heat Transfer, Activities 4 -5 were on Heat vs. Temperature Calorimetry and activity 6 was on Soda and Celsius: An experiment on Heat and Temperature using carbonation, and Activity 7 was on the heating and cooling curves of water. In the EG these topics were presented as practical work where learners handled the apparatus, performed experiments and recorded data, and drew conclusions. On the other hand, the CG was taught using lecture method and in addition notes were given to learners. After 3 weeks of teaching the same post-test was administered to both groups.
Data Analysis
A t-test was used to measure the difference in performance of learners in pre-test and post-test for both EG and CG. A Mann-Whitney U-test was used to test for any differences between the performance of boys and girls in the EG. Analysis of co-variance (ANCOVA) was used to determine the differences due to the treatment. The pre-test scores were used as a covariate to control for initial group differences, reduce the error variance and eliminate systemic bias (Dimitrov & Rumril, 2003) . Effect sizes were calculated using Cohen's d (Cohen, 1988) . Table 1 shows the pre-and post-test differences in performance of learners in EG and CG. Data in Table 1 In Table 2 the pre-test values of the EG and CG show 7 items (58%) suggesting that the overall performance between the two groups is not significantly different. However, the EG post-test in Table 3 show that 9 items (75%) had p values (p < 0.05). In addition, the effect size ranged from 0.13 to 0.4. Average mean of EG (M = 22.8, SD = 6.50) and average mean of CG (M = 11.3, SD 3.0) were statistically different (tTest = 8.63; df = 58; p < 0.05). Analysis of co-variance (ANCOVA) shows that the difference was indeed due to the treatment (Post-test F(1, 85.10), p < 0.05; and pre-test as covariate, F(1, 33.10), p < 0.05) Table 4 . The pre-test scores were used as a covariate to control for continuous initial group differences, reduce the error variance and eliminate systemic bias (Dimitrov & Rumril, 2003) . 
Results
Do the EG scores differ significantly from those of the CG in pre-and post-test?
Do boys and girls in the experimental group differ significantly in regard to their average performance after practical work?
A Mann-Whitney U-test was conducted to see if there are differences in the post test of boys and girls in the EG and the results show that there was no significant differences between boys and girls (Mann-Whitney U-test: p > 0.05) ( Table 5) . 
Discussion
The aim of the research was to establish the effect of practical work on learners' performance in science. Results show that practical work has a significantly positive effect on learners' performance (Table 3 ). The ANCOVA results show that the difference was indeed due to the treatment and not by other variables. Also, the use of practical work in science classes is not gender biased because performance of boys and girls in EG did not differ significantly (Table 5 ). This is not surprising because both genders are endowed with equal opportunities to succeed in science subjects (Bussey & Bandura 1999) . The high mean of the EG compared to the low CG suggests that students in the former understood science concepts and performed better than those taught without practical work. These results corroborate the studies by , Aladejana & Aderibigbe (2007) , and Kibirige & Tsamago (2013) who found similar effects. It has been previously reported that practical work potentially improves learners' performance (Buthelezi 2012; Mji & Makgato, 2006) . Furthermore, Cerini, Murray, & Reiss, 2003 found that learners were positively motivated by practical work. Cohen d measures of 0.65 and 0.92 (Table 1) suggest that there is a medium to very strong relationship between teaching science using practical work and learners performance (Valentine and Cooper, 2003) .
Despite encouraging results, teachers use different types of practical work in science classes (Lunetta & Tamir, 1979; Millar, Le Maréchal & Tiberghien, 1999) . Different types of practical work achieve different purposes. There is practical work to achieve basic skills like: measuring, observation and recording, while investigative skills include experimental design, analysis of data and drawing inferences. These types of practical work are at times 'ill-conceived, confused and unproductive' (Hodson, 1990: 33) . There are reports that teachers often miss-match types of practical work and purpose (Lunetta & Tamir, 1979; Millar et al. 1999 ). This suggests that practical work intended to develop one objective cannot improve performance in all other areas of cognition.
While some studies (NAS, 2010; Abrahams, 2009) have recommended that practical work should develop problem solving skills, experimental design and analysis of data, other fundamental skills should precede these high order skills. Kibirige & Teffo (2014) have shown that basic skills such as measurement, recording and setting up equipment precede higher order objectives such as experimental design and inference. Therefore, the effectiveness of practical work does not lie in just any practical work, but in judicious selection of activities aimed at specific objectives. Practical work to teach learners how to follow simple instructions (the so called cook-book experiments) have their positive pedagogical role such as to train in accuracy and precision. Thus, high order skills may develop after the achievement of fundamental skills.
The selection of the types of practical work requires that teachers know what practical work to do first and which ones to follow. It also suggests that teachers should have a tacit knowledge of how to do practical work by themselves. Tacit knowledge is hard to verbalize because it is expressed through action-based skills and cannot be reduced to rules and recipes and it is the implicit knowledge used by people to do their work and to make sense of their worlds (LaFemina, 2002) . The tacit skills involved in practical work therefore cannot be transferred to learners through chalk-and-talk method, but by hands-on activities. Thus, the observation by Onwu and Stoffels (2005) that teachers in Limpopo deliberately avoided practical work may have resulted from inadequate experience in practical work at pre-service teacher training. This suggests that pre-service and in-service teacher training institutions should inculcate practical skills, confidence and positive attitudes towards practical work when training future physical science teachers.
A few studies show that some teachers in South African schools did not use practical work to teach physical sciences (Rumnarain, 2011; Hatting & Rogan, 2007) . This failure may be due to a number of inherent factors. These include: some teachers teaching subjects in which they are not specialised (Mokotedi, 2013) ; lack of laboratories and equipment; lack of laboratory technicians; and large classes. In the case of specialisation, a teacher who may have trained in Biology, because of teacher shortage may end up teaching Physical Sciences. Such non-specialist teachers are known to be reluctant to do practical work and this is in agreement with (SCORE, 2008; Soares & Lock, 2007; . Large classes and lack of resources are further conditions inhibiting the use of practical work when teaching Physical Sciences (Muwanga-Zake, 2008 , Onwu & Stoffels, 2005 . While literature on school laboratory technicians in South Africa is scarce, there is a general lack of laboratories and laboratory technicians to support teachers with practical work. When teachers do the work of technicians, there is chance that teachers end up missing the teaching of relevant content at the desired depth. Muwanga-Zake (2008) observed that many rural schools in South Africa do not have laboratories and it is reasonable to conclude that such schools also did not have technicians. Helliar & Harrison (2011) explored the role of laboratory technicians (laboratory assistants) in promoting practical work in schools in the UK. Laboratory technicians manage laboratories, equipment stock, the setting up of equipment and they ensure the proper and safe use of equipment. More importantly, technicians support teachers, even those teachers who may not be adept with the practical work. With training and experience, technicians become repositories of practical skills. Thus, less experienced teachers can effectively benefit from such technicians. Unfortunately, sometimes high school graduates are hired to work as untrained laboratory technicians from the same practical-work-starved or deficient school system and hence cannot effectively function as laboratory technicians. As a result technicians are underrated and unacknowledged, underpaid and do not have stable career prospects (Smithers & Robinson (2005) .
The second major result in this study was that there were no differences in the performance of girls and boys in the EG (Mann Whitney-U test, p < 0.05) ( Table 5 ). This suggests that both boys and girls performed equally well when taught Physical Science using practical work. This finding corroborates the studies by Schreiner and Sjoberg (2004) and Mavhunga (2012) that boys and girls did not differ in cognitive issues but they differ in affective interests. Boys were found to be more interested in technical, hands-on activities and careers while girls were less interested in hands-on activities preferring caring and aesthetic activities.
Conversely, girls in a girls-only school have been found to do better in practical work than boys in boys-only schools (Trivedi & Sharma, 2013) . This could be due to the fact that girls have been found to develop manual dexterity earlier than boys (Junaid & Fellowes, 2006 , Venetsanou & Kambas, 2011 Tomassini et al., 2011) which could explain that girls do practical work more carefully than boys. Other research shows that there is no relationship between manual dexterity and cognitive growth under 16 years (Takser, Dellatolas, Bowler, Laplante, Huel, 2002) . In the end, it can be concluded that practical work is really not gender dependent but can be enhanced by sufficient equipment, practice, confident and knowledgeable teachers and a good attitude towards sciences.
The post-test was administered after three weeks of treatment to the EG group of learners. These previously had no apparatus manipulative skills and had not performed sufficient practical work and hence they needed first to be acclimatized with the method and manipulation skills of equipment. In such circumstances, practical work is often poor and at best haphazardly organised. If practical work were to be consistently planned by both the laboratory technicians and teachers, then the performance of learners would improve (Watts, 2013) . This action would redress the poor national performance in science subjects as lamented by Mji and Magkato (2006) .
While it is important to encourage practical work, it is equally prudent to consider reducing the number of learners in the science classes (Onwu & Stoffels, 2005; Muwanga-Zake, 2008 ). This could be done by separating large classes into many small classes. This action will need more science teachers to be employed and should be addressed by the Department of Education employing more teachers. Deliberate world-wide hiring of graduate teachers from the English speaking world could be done for a period of ten years to man all the deficient schools while South Africa develops her own national pool of teachers. This approach is not new in Africa because in the 1980's Zimbabwe and Botswana used this model to jump-start education (Appleton, Sives & Morgan, 2006) .
Whilst the outcome from this study may be plausible, there was a limitation of external validity due to the EG and the CG of learners sharing information since they attended the same school (Dimitrov and Rumril, 2003) . Nevertheless judging from the very high Cohen d value attained, it is reasonable to conclude that such a threat did not have a significant effect on the final results. Also, for ethical issues, learners in the CG were later taught using practical work approach so that they could get the same exposure.
Recommendations
The findings confirm that the use of practical work is an effective method in improving the performance of school science learners regardless of their gender. Thus, it is recommended that more practical work should be used when teaching Physical Science in South African schools. This requires that teachers of science undergo intensive in-service training in practical work management. The Education Departments need to seek and support those teachers with limited laboratory skills and encourage those who already have sufficient skills and experience to use practical work in science teaching. Pre-service training of teachers should have significant practice in basic and higher order thinking skills so that new teachers are more confident to use practical work when they teach Physical Sciences. Also, teacher training centres should train teachers to use hand-tools so they can improvise, where possible, science equipment for practical work. This may give teachers confidence to set up low-cost practical work in places where there is limited equipment. Finally, all schools offering Physical Sciences should have laboratories and trained laboratory technicians to support the teachers.
